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Abstract . A new  metalloborane , 2 


C4H^)FeB|Hi 


pared  in  the  reaction  of  FeCl^,  Na^^CsH57,  and  Na-^BsHsi  in  tetra- 
hydrofuran  at  25  and  isolated  as  violet  crystals  via  silica  gel 


chromatography.  At  175-180°  I slowly  rearranged  to  a 


new  isomer,  1 


From  electron-impact  and 


chemical  ionization 


were  structurally  characterized  as  nido-ferraboranes  analogous  to 
BaHio>  having  a pentagonal  pyramidal  framework  with  the  (C5H5)Fe 
group  occupying  a basal  position  in  I and  the  apex  in  II.  Both 


tural  with  that  complex  and  contains  a cyclic  BsHi©  ligand,* 
accordingly,  II  can  be  described  as”  pen tabora ferrocene"  • Complexes 


Compound  II  is  the  first  known 


example  of  a complex  containing  a cyclic  pentaboranyl  ligand 
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We  report  the  preparation  and  characterization  of  two  isomers 
of  a new  metalloborane,  -C5H5  )FeB5Hio , which  are  isoelectronic, 
and  in  one  case  also  isostructural,  with  (r|® -C5H5  )2Fe  (ferrocene). 
The  reaction  of  anhydrous  FeCla  with  Na^CsHs  and  Na'^^BsHa  in 
tetrahydrofuran  at  25°C  afforded  violet  crystals  of  2-(ij®-C5H5 ) 3 
FeBsHio  (l),  whose  proposed  structure  is  shown  in  Figure  1.  This 
compound  was  isolated  in  low  yield  as  a moderately  air-sensitive 
solid  by  extraction  with  methylene  chloride  followed  by  chroma- 
tography on  a silica  gel  column.  Large  quantities  of  ferrocene 
and  small  amounts  of  other  ferraboranes , currently  under  investi- 
gatioOj  were  also  obtained.  The  fact  that  I is  the  major  ferra- 

borane  product  is  in  sharp  contrast  with  the  reaction  of  Coda, 

“t"  " + » 

Na  C5H5  , and  Na  BsHa  which  generated  a host  of  three  and  four- 
boron  metalloboranes  but  gave  no  detectable  five-boron  products.^ 
The  characterization  of  I was  accomplished  from  its  electron- 
impact  mass  spectrum,  which  exhibited  a parent  ion  with  the  major 
cutoff  at  m/e  186;  the  chemical  ionization  mass  spectrum  (calc, 
for  ^®Fe^^B5^®C5^Hi6'*’  (M  + 1 peak),  187.1067,  found,  187.1062); 
the  undecoupled  and  proton-decoupled  ^^B  Fourier  transform  NMR 
spectra  (Table  l);  and  the  undecoupled  and  ^^B-decoupled  proton 


NMR  spectra  (Table  II ),  which  confirm  the  presence  of  five 


®"^terminal  limits  and  five  bridging  hydrogen  atoms.  The  high- 
field  proton  NMR  signal  of  two  of  the  bridging  hydrogen  atoms  is 
consistent  with  the  presence  of  two  Fe-H-B  bridge  groups.  The 
assigned  nido  geometry  is  in  agreement  with  these  data  as  well 
as  with  the  presence  of  16  skeletal  valence  electrons  (1  from 
(C5H5)Fe,  1 from  each  H bridge,  and  2 from  each  BH  unit)  in  a 
6-vertex  framework,  corresponding  to  a (2n  + 4)-electron  system. 


Since  I is  isoelectronic  with  ferrocene,  it  was  of  interest 


Li 


to  attempt  the  thermal  rearrangement  of  I to  the  1- -C5H5 )FeB5Hio 


isomer  (ll)  in  which  iron  occupies  the  apex  position  in  the 
FeBs  pyramid,  corresponding  to  ferrocene  with  one  C5H5”  ligand 
replaced  by  BsHio*  Precedent  for  a metalloborane  rearrangement 


la  1 

of  this  kind  was  given  by  the  theirmal  conversion  * of  the 


square  pyramidal  species  2-(^®-C5H5 )CoB4Hb  to  the  1-isomer,  in 
which  cobalt  moves  from  a basal  to  an  apical  location.  In  the 
present  system,  the  isomerization  of  I to  II  was  conducted  by 
heating  a 20-mg  sample  without  solvent  in  a sealed  tube  at  175°, 
which  in  20.5  h resulted  in  the  isomerization  of  approximately 
a third  of  the  sample  as  measured  by  NMR.  The  mixture  was  placed 
in  toluene-ds  and  heated  for  70  h at  175°  and  5 h at  180°  with 
periodic  monitoring  by  NMR,  producing  essentially  complete 
conversion  to  isomer  II  together  with  small  amounts  of  insoluble 
decomposition  products. 
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The  proposed  structure  of  IT  (Figure  1)  is  supported  by  its 

NMR  spectra  as  given  in  Tables  I and  II.  The  observation  of 

only  one  boron  environment,  and  of  single  B-Hterminal  B-H-B 

resonances,  virtually  establishes  the  structure  shown.  Compound 

II  represents  the  first  known  complex  containing  a cyclic 

Bs  ligand,  although  the  planar  CaBsHy®  and  CaBaHs^"  ligands  are 

found  in  such  species  as  (tj® -C5H5  )CoCaB3H7  , (CO )3FeCaB3H7  , and 

1,7, 2, 3-  and  1,7,2,4-(-j|®-C5H5  )aCoaCaB3H5^*^,*  the  last  three  struc- 

0 7 

tures  mentioned  have  been  confirmed  by  X-ray  studies.  * * 

Examples  are  also  known  of  transition  metals  pentacoordinated  to 
a Bs  ring  which  is  part  of  a larger  borane  ligand,  as  in  the 
(o|® -C5H5  )NiBiiHi,i  ion.  Both  I and  II  may  be  viewed  as  analog*.  3S 
of  BeHio  with  a (-yj® -CsHs  )FeH  group  replacing  a basal  or  apical  BH 

g 

unit,  and  are  similarly  related  to  the  known  species  (C0)3FeB5H9. 
At  the  same  time,  the  metallocene-like  sandwich  structure  of  II 
suggests  the  trivial  n2une  "pentaboraferrocene" . These  complexes 


further  illustrate  the 


structural  and  electronic  relationship 


which  is  currently  emerging  between  the  borane  and  metallocene 
2a  5c  10 

classes  * * in  much  the  same  manner  that  the  recently  reported 

C03B3,  C03B4,  and  C04B4  metalloboron  clusters^  tend  to  bridge  the 
gap  between  the  metal  clusters  and  the  polyhedral  boranes.  Sys- 
tematic studies  of  their  chemistry  should  help  to  define  more  clearly 
the  nature  and  extent  of  these  analogies. 
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Table  I.,  52.1-MHz  ^^3  NMR  Data  ftoluene-dn) 


Compound 


Rel.  Area 


Jb.H^(Hz)‘= 


44.4 

8.2 

-53.0 


|*pm  relative  to  BFa -oCCaHs  )2 , with  positive  sign  indicating 

shift  to  lower  field.  All  signals  were  observed  as  doublets  in 

the  undecoupled  spectra,  and  as  singlets  in  the  ^H-decoupled  spectra. 


Table  II.  lOO-MHz  NMR  Data  (tolueue-d«) 

Rel. 

Compound  Multiplicity  (J,  Hz ) Area 


Assignment 


i ! I 

4.04 

singlet 

5 

C5H5 

1 

6.96 

quartet  (147) 

2 

Hj.-B 

3.86 

quartet  (153) 

o 

Ht-B 

^ j 

-0.55 

quartet  (141) 

1 

H^-B 

i i 

-1.70 

broad  singlet 

2 

B-H-B 

-2.33 

broad  singlet 

1 

B-H-B 

H 

-15.99 

quartet  (7o) 

2 

Fe-H-B 

1 1 II 

4.23 

singlet^ 

1 

C5H5 

3.50 

singlet 

1 

HfB 

1 1 

-4.52 

broad  singlet 

1 

B-H-B 

Ppm  relative  to  (CH3)4Si,  with  positive  sign  indicating  shift  to 
lower  field. 

^Measured  from  *^^B-decoupled  spectrum. 
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Figure  1. 


Figure  Caption 

Proposed  structures  of  2- (^^^-CsHs  )FeB5Hio  (l)  and 
1- (tj® -C5H5  jFeBsHio  (ll)*  Connecting  Lines  between  iron  and 
boron  are  omitted  in  II  in  order  to  emphasize  the  sandwich- 
like arrangement  of  ligands. 
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